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ABSTRACT 

This publication is one of a series of information 
booklets for the general public published by the United States Atomic 
Energy Commission. This booklet deals with the handling, processing 
and disposal of radioactive wastes. Among the topics discussed are: 
The Nature of Radioactive Wastes; Waste Management; and Research and 
Development. There are four appendices which list: Naturally 
Occurring Radioisotopes Encountered in Mining, Milling, and Fuel 
Preparation in the Uranium Fuel Cycle; Principle Fission-product 
Radioisotopes in Rv^dioactive Wastes; Principle Activation-product 
Radioisotopes Produced by Neutron Irradiation of Nonfuel Materials; 
and a List of Firms Licensed to Receive and Dispose of Radioactive 
Wastes. A list of suggested references at the popular and technical 
level, including books, reports, articles, and motion pictures, is 
included. Schools and public libraries may obtain a complete set of 
the booklets without charge. (BT). 



ED 107 52a 

AUTHOR 
TITLE 

INSTITUTION 

PUB DATE 
NOTE 

AVAILABLE FROM 



EDRS PRICE 
DESCRIPTORS 



IDENTIFIERS 



Nuclear energy is playing a vital role in 
the life of every man, w»oman, and child in the 
United States today. In the years ahead it will 
affect increasingly all the peoples of the earth. 
It is essential that all Americans gain an 
understanding of this vital force if they are to 
discharge thoughtfully their responsibilities as 
citizens and if they are to realize fully the 
myriad benefits that nuclear energy offers 
them. 

The United States Atomic Energy Com- 
mission provides this booklet to help you 
achieve such understanding. 
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THE COVER 



The main corridor of the Carey Salt 
Company Mine in Lyons, Kansas, 1000 
feet below the surface of the earth. The 
ceiling height in the corridor is 14 foet. 
The Oak J'idge National Laboratory has 
carried out a radioactive waste disposal 
experiment in this mine to determine 
heat and radiation effects on salt from 
high-level solidified \vastes and to dem- 
onstrate radioactive waste handling 
techniques in this environment. Results 
thesu tests show thai this may provide safe and efficient storage 
for high-level radioactive wastes. (See page 33 and Figure 16 for 
more information on this research.) 
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MEN AND ASHES 

An archaeologist kneels in the Mexican valley of Te- 
huacan, gently brushing tlie dirt from crude artifacts dis- 
carded thousands of years before. Fragments of earthen- 
v-are and chipped stones in tlie ashes of ancient fires tell 
Oieu- story. They are wastes from tlie first human culture 
on the North American Continent. 

Today, in the wlieat fields of Kansas, tons of straw left 
behind by threshing machines must be disposed of each 
year by baling for later use or by burning. Wastes of 
straw may never be seen by archaeologists of the future 
but other wastes of our time will intrigue them— piles of 
slag from steel mills, city clumps under tons of soil, and 
mountains of rusted autom.obiles. 

Almost every act of man leads to wastes of one sort oV 
another— hunters' ejected cartridges, smoke from power- 
plant cliinineys. wastepaper in schoolrooms, or the curls 
of childhood lost forever on the barbershop floor. 

Tlie nuclear industry is no exception. Managers of nu- 
clear installations are concerned with the handling, pro- 
cessing, and disposal of wastes. In many ways this activity 
IS comparable to other disposal processes, but it is dif- 
ferent m a few important respects. 



Tiie most significant difference between nuclear wastes 
and those of otiier industries is that nuclear wastes are 
radioactive, and tins accounts fjr tiie special methods re- 
quired for their disposal. Tiie highly radioactive wastes 
from spent nuclear fuels, m particular, pose a challenging 
problem. They cannot be piled in open fields or dumped 
into rivers ur tiie ocean, Anotiier problem exists because 
of tiie millions of gallons of water containing traces of 
radioactivity tiiat must be disposed of eacii year. The 
management of radioactive wastes is. indeed, a complex 
and interesting activity. 

Since 1942, when the first self-sustaining chain reaction 
was acineved, the nuclear industry has grown vigorously. 
Over 300 operating reactors are now in use.* In addition, 
radioactive materials are increasingly regarded as im- 
portant tools for researcii, medicine, and industry. As tiie 




Figure 1 riic htt sdvn Ic(t> Poho Slation fwar Cliica};o, lUi- 
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nuclear era continues, there will obviously be more radio- 
active waste. Clearly the methods used for the control and 
disposal of wastes must not only be appropriate to a wide- 
spread, lusty endeavor but also be safe and economical. 

In the U. S. nuclear program, tiie Atomic Energy Com- 
mission (AEC) has the function of protecting the public 
against the hazards of radioactive materials. Regulations 
have been developed through research to ensure effective 
control witliout unduly restricting tiie growtii of nuclear 
industry. The AEC also directs research to develop new 
methods of ladioactive waste management. Much remains 
to be done, but the work already promises that disposal of 
radioactive wastes will not erect economic barriers to our 
nuclear future. 

THE NATURE OF RADIOACTIVE WASTES 

Many kinds of radioactive wastes are produced by tiie 
nuclear industry.* AEC licensing procedures and regula- 
tions deal v;ith more than 900 radioisotopes! of 100 ele- 
ments. Wastes containing these isotopes may be in the 
form of gases, liquids, or solids, may be soluble or in- 
soluble, and may give off various types of radiation at 
many energy levels. Although many radioisotopes decay 
rapidly, some require hundreds of years to decay to safe 
levels. 

The hazards of radioactive materials stem from their 
basic characteristics. Radiation cannot be detected by the 
senses (except in massive doses); its effects are often 
cumulative and may not be evident for some time; and it 
can damage both an individual and, by impairing his 
reproductive cells, future generations of his descendants. 
Fortunately the nature of radioactivity also makes it pos- 
sible to detect its presence with certainty and remarkable 
accuracy. 



•Foi a discussiun uf the nalui^}, mcjasui cment, and oonlru! of 
Kuliuacli\ily at nuclcai puwoi plants, sec /Wo//^/c Panti Safely, 
another hook lei in this series. 

• I^achuisulupus ai c ladiuactivc fouus of Cilcnienls. fui defini- 
tions of unfaniihai uoids, sec Siiclcar Tcnn.s, A Brui Glos,sai}» 
a companion booklet in this series. 
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One final point —radioisotopes are immune to outside 
influence. Each isotope decays at its own particular rate 
regardlcsb of temperature, pressure, or chemical environ- 
ment and continues to do so no matter what is done to it. 
Allowing radioisotopes to decay naturally is tiie only 
practical means of elimmatinii their radioactivity. All 
processing, storing, and use of radioisotopes must there- 
fore be considered as an intermediate step leading finally 
to disposal by decay. 

Sources of Radioactive Waste 

Radioactive wastes are created wherever radioactive 
materials are used. By far the greatest source of wastes 
is the nuclear fuel cycle: The mining, nulling, and prepara- 
tion of fuel for reactors and weapons produce wastes 
containing natural radioisotopes; and fuel irradiation and 
subsequent processing produce wastes rich in fission 
products. Additional wastes are producec! by irradiation of 
nonfuel materials in and around reactors. Let us consider 
these sources. 

NATURAL RADIOACTIVITY refers to the radioactivity of 
materials found in nature. These materials are present in 
uranium and thorium ores, nature's naclear fuels. Wastes 
from mining, ore milling, and fuel fabrication therefore 
contain this natural radioactivity, which consists primarily 
of the natural radioisotopes of uranium, thorium, radon (a 
gas), and radium (see Figure 2, page 6, and Appendix I). 

Most mines are in dry formations, but some must be 
kept dry by pumping out hundreds of gallons of water per 
minute. This water contains only traces of radioisotopes 
and poses no significant health hazard. In uranium ore- 
concentrating mills, liquid wastes are discharged to ponds 
or lagoons at a rate of 300 to 500 gallons per minute (for 
an average mill processing 1000 tons of ore per day). 
There are over 20 such mills in the United States. Radium 
is the principal radioisotope in mill wastes and is in- 
corporated in the solid residues, called "tailings", in an 
insoluble form. 

In **feed" preparation, the next step in the fuel cycle, 
ore concentrates are taken from the mills and chemically 



purified. This produces uranium salts, or feed, for the 
gaseous-diffusion plants (for separation of uranmni-235 
from other isotopes of uranium); or it converts concen- 
trates to metallic uranium or uranium oxide for fuel ele- 
ments. For each ton of uranium processed, approximately 
1000 gallons of liquid wastes are produced. 

The purified uranium used in the fabrication of fuel 
elements has extremely low activity because the radium, 
thorium, and several radioactive decay products have been 
removed in earlier steps of the'' cycle. Liquid wastes from 
fuel fabrication plants are of small volume and very low 
radioactivity. Contaminated scrap is also produced at 
fabricating plants. 

FISSION PRODUCTS produced during the irradiation of 
nuclear fuels in reactors are by far the largest source of 
radioactive waste in terms of contained radioactivity. When 
each uranium atom fissions, it breaks into two major 
fragments appropriately called fission products. Fission 
products are radioacti-e; they undergo one or more steps 
of radioactive decay before reaching a stable, harmless 
condition (see Appendix II). Valuable fuel material remains 
in the irradiated fuel along with the accumulated fission 
products; so recovery of this fuel is important. Chemical 
processing of irradiated nuclear fuels is, therefore, an 
inescapable part of the nuclear industry. The processing 
creates highly radioactive wastes consisting not only of 
fission products but also of come activated reacuir ma- 
terials, chemicals, and corrosion products.* 

Chemical processing of irradiated fuel is presently done 
at AEC plants, but private industry wiJl enter this field as 
the nuclear industry grows. Already the first commercial 
plant is under construction in the state of New York by 
Nuclear Fuel Services, Inc. (see Appendix IV). 

A number of solvent-extraction processes are used to 
separate remaining fuel from waste products in used fuel 
elements. From 1 to 100 gallons of highly radioactive liq- 
uid result from each kilogram of uranium processed — 1 to 



Tor more about fuels and fuel processing, see Alonitt Fuel, 
another booklet in this series. 
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10 gallons in processing natural or slightly enriched* 
uranium and 10 to 100 gallons in the case of highly enriched 
uranium. Up to now, most of the fuels processed have been 
natural-uramum fuels from the AEC'splutonium-production 

*Kni ichcil utaniunt is uranium in which the pioporlion of 
uianuini-2:ir) has been incicascd l)j putting the natural element 
thiough an isutupt-scp.iiatiun piuccss, such as gaseous diffusion, 
. See Appendix I foi natui al-ui anium content of ui anium-2:J5. 
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reactors, but increasing amounts of fuel f;;om nuclear- 
powered electric plants will have to be processed in the 
future. 

Predictions vary on the amount of high-level waste that 
will be produced by chemical processing of fuels from 
nuclear power plants. Current estimates are that some 
100,000 gallons will be produced in 1970andthat the amount 
will increase to about 6 million gallons per year by the 
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end of the century. Large quantities of less radioactive 
wastes also will be produced; sonic 4 billion gallons have 
been produced and disposed of over the past 20 years. 
Large as these quantities are, they are small in comparison 
to the volumes of waste processed in other industries, such 
as paper nulls, chemical plants, and sewage-disposal 
plants. 

ACTIVATION PRODUCTS are produced during the irradia- 
tion of nonfuel materials located near the fuel in nuclear 
reactors. Structural materials are activated (made radio- 
active) by the absorption of neutrons, as are impurities in 
the coolanr and often the coolant itself. Traces of iron, 
nickel, and other corrosion products, for example, are 
carried along with the coolant in some types of reactors 
and irradiated as they pass through the reactor. .Appendix III 
lists typical activation-product radioisotopes. 

-coolam IS a term ulentifving the fluul that flows through a re- 
actor to remove or transfer heat. Water is niDSt commonly used, 
but an\ carl)on dioxule, oils, sodium, and potassium also have been 
used. 
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Waste management operating experience at six American 
nuclear power plants — Dresden-I in Illinois. Big Rock 
Point in Michigan, Humboldt Bay in California. Elk River 
in iMinnesota. Indian Point-I in New York, and Yan.cee m 
Massachusetts— has recently been assessed. The waste 
volumes handled in nuclear plants are not large in com- 
parison with wastes from many otlier industries and the 
total radioactivity is quite smalL Radioactivity concentra- 
tions in power plant effluents liave been well below per- 
missible release limits. 

The irradiation of reactor coolant produces larger 
quantities of low-level waste liquid at the AEC'splutonium- 
production installations, particularly the Hanford Plant m 
Richland, Washington. Hanford personnel have the problem 
of disposing of great amounts of water from the C:»lumbia 
River that is used directly for reactor cooling. At the 
AEC Savannah River Plant in Aiken, South Carolina, river 
water is also used, but it does not enter the reactors and 
does not become irradiated; the reactor coolant is a 
separate, relatively small quantity of water. Intermediate 





Figures I'an ot f)iUonintH'l>iOiLttliou naiioi at tin Hanjord 
PUmi tti Htc'tl(i»i(L W'uiihiH^toH. 



heat exchangers separate tiie coolant from the river water, 
and so the problem of quantity disposal does not arise. 

Some activation products are gaseous. In water-cooled 
reactors gaseous products arise from the irradiation of the 
water as well as from irradiation of any air in the coolant. 
The gases are mostly short-lived radioisotopes, such as 
nitrogen-16 or argon-41, but tritium (hydrogen-3) has a 
half-life* of more than 12 years. Air-cooled reactors 
produce argon-41, the major examples of t!iis type being 
the large research reactors operated for many years at 
Brookhaven and Oak Ridge National Laboratories. Control 
and disposal of gases is an important aspect of radioactive 
\\aste management even tiiougii it involves a minor portion 
of tlie total radioactivity produced by nuclear industry. 

MISCELLANEOUS SOURCES OF RADIOACTIVE WASTES are 
the more than 4000 establishments making or using nuclear 
products in tiie United States, The radioactivity of tins 

W ha!l-Iif( us ilu lime lequiied foi half a i .uhoisolupe to l)e- 
con-t Niablf. a uod of iwo half-li\e> uould ludiice the quantity 
ol radmacUMiv \v (ino-(|uarlcr liic onguial amount. 
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great variety of wastes originates in one of the ways we 
have just discussed —from naturally occurring radioiso- 
topes, fission products, or activation products. These may 
be m many forms, including chemicals, solids collected in 
evaporators, resins, and. contaminated equipment and ma- 
terials. Laboratories in hospitals, universities, and private 
industry produce waste solutions, contaminated gloves and 
clothing, and broken glassware. Even when sealed radio- 
isotope devices are used, there eventually is need for 
disix)sal when the radioactivity has decayed below useful 
levels. 

IN SUMMARY, the four basic sources of radioactive waste 
materials are: 

1. Mining, milling, feed-preparation, and fuel-manufac- 
turing activities, involving naturally occurring radioiso- 
topes. (See Appendix I.) 

2. Irradiation and processing of nuclear fuel, involving 
fission-product radioisotopes. (See Appendix II.) 

3. Irradiation of nonfuel materials, involving activation- 
product radioisotopes, which include several radioisotopes 
purposely produced for their usefulness. (See Appendix III.) 

4. The use of radioisotopes produced in one of the 
three preceding source categories. 

Levels of Radioactivity 

Radioactive wastes vai-y widely in the concentration of 
radioactive materials. It is convenient to classify them 
according to their potential hazard, as indicatec! by their 
level of activity. Three levels have been defined, some- 
what arbitrarily, as follows: 

LOW-LEVEL WASTES have 'a radioactive content suffi- 
ciently low to permit discharge to the environment with 
reasonable dilution or after relatively simple processing. 
They have no more than about 1000 times the concentra- 
tions considered safe for direct release. In liquid form 
low-level wastes usually contain less than a microcurie* of 
radioactivity per gallon. 



*A niicrocune is one millionth of a curie. A curie is a measure 
of the nunihei of atoms umlei going iiulioaeti\e disintegration per 
unit tunc and is billion disintegrations per second, or about 
the rate of decay in I gram of natural rjuiiuni. 
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INTERMEDIATE.LEVEL WASTES have too high a concentra- 
tion to permit release after simple dilution, yet they are 
produced in relatively large volumes. Their radioactivity 
is approximately 100 to 1000 times higher than that of low- 
level wastes. In liquid form they may contain up to a curie 
of radioactivity per gallon. 

HIGH-LEVEL WASTES contain several hundred to several 
thousand curies per gallon in liquid form and result from 
chemical processing of irradiated nuclear fuels. High-level 
wastes pose the most severe potential health hazard and 
the most complex technical problems in management. 

Potential Effects of Radioactivity 

Man has always been exposed to the natural radioactivity 
in his environment. It is in the soil, in the water we drink, 
and even in our bodies. This natural "background" level of 
radioactivity is quite low: The amount of radiation received 
in one dental X ray is 10 to 100 times that received in a 
year from natural background activity, A cardinal principle 




Figure 6 Research to determine the effects aj irradiated soil on 
cotton fdants. 



in waste management has been to preserve this low radia- 
tion level in our environment — not to add to it. 

Any discharge of radioisotopes to our environment 
launches a series of interrelated physical and biological 
events because of the movement of released materials 
through the atmosphere and underground water and their 
retention in soil and living organisms. Some of these 
processes may result in the concentration of radioisotopes 
that were originally released in very dilute form — thus 
fish may concentrate phosphorus-.32 in their tissues, and 
oysters may accumulate 2inc-65. 

The growth of nuclear industry emphasizes the need for 
complete understanding of natural processes affecting re- 
leased radioisotopes. Not only the concentration but also 
the amount of radioactive material is important; care must 
be taken not to exceed the capacity of the environment. 
Extensive research is being performed at large atomic 
energy installations to insure that no unsuspected en- 
vironmental effects will result from the carefully con- 
trolled release of radioactivity. 

Equally important is the intensive study of the long-term 
effects of radiation on man himself. Radiation can affect 
an exposed individual directly (somatic effects) by damage 
to body cells, or it can affect his descendants (genetic 
effects) by damage to reproductive cells. Somatic effects 
are reduced when a given radiation exposure is spread over 
a long time. Although there is some evidence that the same 
principle applies in the case of genetic effects, it is not 
conclusive. 

The isotopes of greatest concern are generally those 
with the longest half-lives, such as strontium-90 and 
cesium- 137. It is also necessary to consider how each 
radioisotope is taken into the body and how it behaves, once 
there. Iodine-131, for example, is passed efficiently through 
food chains — from the air to grass, thence to cows, and 
via milk to man. where it is concentrated in the thyroid 
gland. Radioactive iodine therefore requires stringent con- 
trol even though its half- life is a relatively short eight days. 

The type and energy of emitted radiation and the chemi- 
cal properties of radioisotopes are other factors that were 
considered in establishing maximum permissible concen- 



trations for the various radioisotopes. These safe limits 
are published in the Code of Federal Regulations, which 
controls management of radioactive waste materials. 



Radioactive waste management consists of the various 
steps necessary for the safe disposal of radioactive wastes 
and the control and direction of these measures. Each type 
of waste requires its own methods for control and disposal. 
There are, however, two basic principles that are broadly 
applied: 

CoHccnlrait and Contain. Radioactive materials can be 
stored safely in permanently controlled reservations, but 
the volume of stored wastes would be prohibitively great if 
they were not first concentrated. Even high-level wastes 
can be concentrated or solidified for long-term storage* 

and Disl)crsc, Wastes of appropriately low ac- 
tivity may be reduced to permissible levels for release by 
dilution in air or in waterways* Wherever materials are to 
be released to .the environment, the amount of radioactivity 
that can be safely dispersed into that particular environ- 
ment is determined quantitatively for each specific radio- 
isotope. 

In the application of these principles, two considerations 
are important: 

FAalnuic Each Cast Indi tidually. Each factor affecting 
waste management must be evaluated for each facility. 
These factors include accurate data on the specific radio- 
isotopes, their chemical form and concentration, their 
maximum allowable concentrations for release, and the 
detailed characteristics of the environment. Suitable treat- 
ment and disposal methods then can be chosen and detailed 
operating standards established. 

Check Rcsulls. It is important to make certain that 
operating standards for waste management are met. This 
requires constant checking on the amount and level of 
activity handled and released. If conditions change at a 
site, operating standards must be reexamined and changed 
if necessary. 

Conscientious application of these considerations has 
been responsible for the success, safety, and economy of 
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Figure 7 Vlciv oj the Pro- 
cess Waste Trealnieni Plant 
pon<L<f at Oak Ruiga i\^ational 
Laboratory. A norknian 
checks ll<initl level. 



waste- management activities in this country. There have 
been no harmful effects to the public or their environment. 
The cost of waste handling and processing facilities at 
nuclear power plants averages only 3 to 5% of the total 
plant cost; the cost of managing high-level wastes from 
fuel processing is expected to be 1% or less of the total 
fuel-cycle cost. 




Liquid Waste Management: Low and 
Intermediate Level 

Liquid wastes of low and intermediate radioactivity 
generally have low solids content but vary considerably arr 
chemical and radioisotope content. Treatment and disposal 
methods differ among nuclear installations, depending both 
on the waste content and the environment. Let us consider 
methods in industry and science. 

SMALL LABORATORIES, such as educational, industrial, 
hospital, and medical laboratories, generally produce liquid 
wastes of low activity. They typically contain only traces 
of a few isotopes. They are produced in modest quantities 
and can usually be releasai by dilution, treated by filtration 
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or ion exchai^e,* or retained for shipment to sites equipped 
for their disposal. Though the amount of waste from these 
laboratories is small, all agencies licensed for use of 
radioactive materials must meet disposal standards. 

URANIUM MINES AND ORE MILLS produce relatively large 
quantities of low- level liquid wastes requiring minimal 
treatment. Where mine pumping is required, as in the 
Ambrosia Lake area m New Mexico, the radioactivity is 
so low that the wastes are allowed to seep into nearby 
desert soil. 

The liquid wastes from ore- refining mills are also 
dispersed into the environment. Solids are settled out in 
large retention ponds, and the liquid overflows to streams 
or percolates into the ground. Jn some locations, mills 
first remove dissolved radium by chemical treatment. 
Uranium- mill waste treatment and control have improved 
substantially in the past five years. 

FUEL FABRICATION PLANTS produce modest quantities of 
low-level acid wastes that are diluted, neutralized, stored 
to permit decay, and then discharged to watei-ways. Some 
industrial fuel manufacturers collect the waste, and ship 
them elsewhere for disposal. All shipments must conform 
to hiterstate Commerce Commission regulations, and ap- 
proved containers must be used. 

NATIONAL LABORATORIES OF THE AEG [produce many kinds 
of wastes. The methods used to manage them differ in 
detail but are similar in many respects. Jn general, liquid 
wastes from the laboratories range in concentration from 
less than a hundredth of a microcurie to several hundred 
microcuries per gallon. Treatment usually includes several 
of the following steps: filtration, chemical precipitation, 
ion exchange, evaporation, solidification in concrete, or 
absorption in porous materials such as verniiculite. 

Chemical precipitation is a process of adding chemicals 
that combine with dissolveci radioactive materials to form 



Mon exchange, a piocess also used m home water softeners, re- 
moves dissolved minerals from liquids. 



solid particles.* The solids are then separated from the 
liquid and disposed of by packaging and burial. Chemical 
precipitation is 60 to 75?t effective in removing mixed 
fission products from low-level laboratory wastes. Ion- 
exchange resins remove 90 to 99.99% of the contained 



radioactivity. Evaporation of low-level waste retains some 
99.99^1 of tlie activity in evaporator concentrates. 

Waste-management operations at Brookhaven National 
Laboratory in Upton, New York, iUustrate some current 
methods. Brookhaven is located near the center of Long 
Island, with farm and residential areas just beyond its 
boundaries. Several villages are close by. Most of the 
Brookhaven liquid wastes are generated at the research 
reactor, the "hot"t laboratory, and the cyclotron building. 



*Thc precipitation process is often demonstrated to chemistry 
classes by adding a weak sil\er nitrate solution to a so.duini chlo- 
ride (table salt) solution; a fine white powder, sihei chloride, 
immediately forms and precipitates (settles) to the bottom of the 
container, 

tTheterm 'Miof is applied to radioactive materials or facilities. 
The term ''clean" is often used to indierae an absence of radio- 
activity. 




Figure 8 I^Ni^hiccys at the 6Vi- 
rinmih Hirer Plant developed this 
remotely controlled leall thicks 
ness tester :>hownat left to detect 
corrosive t li i n n i of the steel 
laills of underground tanks con^ 
tabling highly radioactive wastes. 
An ol/cratorat the surface loivers 
the foot-long "bug'* through an 
access hole on the tanh perimeter. 
Its magnetic wheels grip the steel 
ivall, and the carriage is then 
rolled up or down to the desired 
position, A solenoid-actuated air 
cylinder on the carriage presses 
a small ultrasonic transducer to 
the wall; water is jetted over the 
contact area, providing the nec^ 
essary coupling. The transducer 
then emits an ult rasonic pulse 
that penetrates the wall and is 
rejlected from its inner surface. 
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Low-level wastes are produced in most of the other labo- 
ratories. How are these wustes handled? 

First, wastes are separated at their source by collection 
of concentrated wastes in containers. In addition, the re- 
actor and hot laboratory facilities have a separate liquid 
waste system, and release from this to the general labo- 
ratory system is rigorously controlled. The general labo- 
ratory system, in turn, is monitored* to ensure control; 
release from this system to the environment is by way of 
a filtering system. 

Wherever excess activity may accumulate, " hold-up 
tanks** are provided, and evaporation reduces the stored 
volume. Some of the concentrate from evaporation is mixed 
with concrete, solidified, and handled as solid waste. The 
bulk of the low-level liquid waste, however, is discharged 
via a separate sewage system tc a settling tank that re- 
moves most of the solid material. From there the re- 
maining" liquid is discharged through a large sand filter, 
collected in an underlying tile field, chlc>rinated, and finally 
discharged to a small stream. 

Samples are collected at key i)oints in both the internal 
system and the nearby environment. These are monitored 
to assure control. Only several curies of activity are re- 
leased tp the environment annually. 

The amount of radioactivity in purified wastes like these 
has been reduced in recent years. Oak Ridge National 
Laboratory in Tennes.-.e, for example, in three years re- 
duced the activity released in its low-level wastes to one- 
tenth the former amount. 

NUCLEAR POWER PLANTS that generate electric power 
process low-level liquid wastes through treatment and 
storage systems, such as evaporators, ion exchangers, gas 
filtration, decay holdup tanks, incineration and fixation of 
solids and liquids in concrete. In many cases, liquid wastes 
are processed by decay storage without any other treat- 
ment. The quantities of radioactivity discharged from 
nuclear power plants have been well beluw permissible re- 
lease limits. Most reactor installations control their wastes 



•Monitoring involves nicasuien*<;!iU of ladioactuily with radia 
tion-deiection instrmnonts. 




Figure 9 Montionn^ n sulut.s j i om //</«/</ /i</.s/c\s. A icchntcittn 
plaitft^ a cofttattui ttj l>on(Untl utaitnal in tt .sltieltlctl InMruntctti 
nhcrt radiation nill he tma.sHi'cd ijy a Cei^er coiottc)'. 



in accord with the btrict standards applying to unidentified 
mixtures rather tlian less stringent ones for individual 
radioisotopes. 

No liquid wastes are released into tiie ground at reactor 
installations. The waste systems do use decay hold-up 
tanks, evaporators, ion-exc!iange systems, filtraticn, and, 
m some cases, steam stripping (to remove gases). In a 
typical water-cooled reactor power plant, tiiere are two 
sources of liquid waste: t!ie reactor coolant itself and 
drainage from supporting laboratories and facilities. When 
necessary, contaminated liquids are processed in evapora- 
tors or ion exciiangers. The evaporator concentrates and 
used lon-exchange resins are tiien retained for later siiip- 
nient from tiie site. Ion exciiange is typically used for 
continuous cleansing of reactor coolants, but discharged 
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reactor water must ncnetlieless be retained in tanks to 
allow radioactive decay, or be processed further. 

At the Shippingport Atomic PowerStation in Pennsvlvania 
discharged reactor- coolant water is not treated bv evapora- 
tion or ion exchange but is stored in juiderground tanks for 
a month or more, to permit radioisotopes to decav. before 
being released to tlie Ohio River. 

HANFORD PRODUCTION FACILITIES of the AEC, which pro- 
duce Plutonium, have environmental conditions more favor- 
able than most power-plant and laboratorv sites, Hanford 
is relatively remote from towns and is' adjacent to the 
Columbia River. wiUi its high volume of flow. 

The three reactors presently used for plutonium pro- 
duction are cooled by a single pass of river water which 
has been treated by coagulation.- settling, and filtration 
A fourth reactor is cooled by recirculating water The 
water emerging from the single-pass reactors contains 
activated impurities and corrosion products and must be 
held in lar-e basins or tank.s for 1 to 3 hours: here natural 
decay reduces the activity by 50 to 70';. The basin water is 
then released to the Columbia, where it is immediatelv 
diluted by the streamflow. 

If the basin water acquires unusual radioactivity because 
of leaks of fission products from fuel elements. "it is dis- 
charged to trenches and seeps into tlie ground. This 
percolation is very effective since the soil retains the 
radionuclides. The water table at Hanford is 200 to 600 
feet below the surface. 

Some intermediate-level liquid wastes are also dis- 
charged into the ground tlirough trenches or underground 
crib? at Hanford (see Figure 10). These include wastes 
from chemical processing of irradiated fual. condensed 
vapors from these processes and from w.iste storage tanks. 

Gaseous Waste Management 

Gaseous wastes may contain natural i-adioactivity. fission- 
product activity, or materials activated by neutron ab- 
sorption. 



-Ccgulation and seitlitig are iise<i the uorld over for w-.ter 
reatment. Added chemicals form sticky, gelatines precipitaie 
that reni.nes suspended .^olid.s .is it settles. 
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Figure 10 DtsfHj^al oj liquid aa^^ta* into the ground at the Ilanjord 
Plant ui*in^ an totdei ground e} lb. The vanottb mat crialn found in 
thciic naif tea arc retained in the .soil tut shown. 

In Uie mining, milling, and fabricating of uranium into 
fuel elements, airborne radioactivity consists of natural 
radioisotopes in dusts or gaseous radon. These typically 
occur in low concentrations. Normal ventilation of Uiework 
area gives adequate protection. Air disciiarged from mine 
ventilation systems usually contains radon-222 and its 
short-lived decay products; tiie quantity released to the 
atmosphere is mucli less than tiiat naturally given off by 
X'ocks of the earth's cx*ust. 

The generation of gaseous radioactive wastes at nuclear 
power plants is different for eacii typo of reactor, but the 
wastes Iiave been effectively managed in all types of 
reactors. In general, gaseous wastes are held for an ap- 
propriate period of decay and then are released through a 
higli stack after filtration. 

Radioiodine is often present in gaseous reactor wastes. 
Its presence usually determines iiow tiie wastes are man- 
aged. Activated charcoal can remove up to 99.9^1 of tlie 
radioiodine, but the charcoal's effectiveness soon maybe 
reduced by surface contamination. 




/ 



21 



ERIC 



Fuel-pvocessing plants control .the discharge of radio- 
iodine by a combination of methods. First, the spent (used) 
fuel is stored from 90 to 120 days to allow natural decay of 
most of the iodine. Second, most remaining iodine is 
vaporized during the fuel processing and is removed from 
other gases by activated charcoal or a chemical- reaction 
system that converts the iodine into a solid. 

Solid Waste Management 

Most solid radioactive wastes are of moderately low level 
and are disposed of by burial. As with liquids and gases, 
they may contain natural, fission-product, or activation- 
product radioactivity. 

Solid refuse from mining operations contains only a 
fraction of 1^ of uranium oxide. It is usually piled near 
mine portals; no hazard is involved because of its low 
radioactivity. Solid refuse from ore-refining mills, called 
tailings, is of greater concern because it contains most of 
the radium from the ore. The tailings are usually held in 
controlled areas to prevent dispersal to the environment. 
This is more economical than chemical treatment to re- 
move the radium from tlie large quantities involved. How 
best to dispose of tailings actually remains an unanswered 
question for the present. 

Solid wastes from feed-material and gaseous-diffusion 
plants contain only small amounts of natural radioisotopes. 
Tiiey are disposed f by burial in supervised reservations. 
Some are first treated to remove uranium, especially if it 
is enriched uranium. 

Moderately radioactive solid wastes from laboratories 
and reactor installations are similar. They consist mostly 
of residues (used ion-exc!iange resins or evaporator con- 
centrates) and contaminated equipment and materials (worn- 
out clothing, filter elements, glassware, blotting paper 
and other debris). Some establishments burn them to re- 
duce their volume before disposal. Most, however, simply 
bale and bury them. 

LAND BURIAL iias been used for about two-thirds of all 
solid waste produced in the United States through 1963 at 
five atomic energy reservations— amounting to approxi- 
mately 30,000 to 50,000 cubic meters per year. Burial sites 
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are carefully selected, and arrangements must be made to 
control wastes over a period of many years after tliey are 
buried. Only AEC-supervised sites were used until 1963; 
then the first state-oWned burial sites were established for 
disposal operations by private industry. Burial sites have 
now been established in Nevada, Kentucky, New York, 
Illinois, and Washington by private companies. 

Burial of solid radioactive waste at AEC burial sites is 
about 1.5 million cubic feet per year since 1963. This waste 
volume requires approximately 20 to 25 acres of land an- 
nually. 

The volumes of low-level solid waste available for 
commercial burial are estimated at 1 million cubic feet 
by 1970, 2 million by 1975, and 3 million by 1980. 

Land requirements for waste burial have averaged about 
1 square foot of ground for 1.5 cubic feet of waste. Solid 
wastes are now being pressed in standard baling machines 
before burial, however, to reduce the waste volume 2 to 
10 times. 

The wastes are generally buried in unlined pits and 
trenches (see Figure 11). Several feet of earth cover the 




wastes and tiold surface radiation levels so low tliat ex- 
posure for a full year would result in less radiation tlian 
results from a typical medical fluoroscopic examination. 
Higlier activity solids are often buried in concrete-lined 
wells or stored to permit decay of the activity prior to 
disposal. 

High-level Waste Management 

High-level wastes from processed nuclear fuels create 
the most challenging problem in waste management. These 
wastes produce substantial amounts of heat for a number 
of years (see Figure 12). Furthermore, their long-lived 
radioisotopes require hundreds of years to decay to safe 




Figure 12 Heal lyroduciion in high-LcvcL nahlos from s/fenl Juel 
in'occsaing. Ajlvv Jive years bLrontium and cesium account Jor 
most oj the heat [yroduction. Sole that removal oj these isotol>e{y 
hcjore acvcral years oJ a^ing nould have little ejject on heat Inv- 
duclion oJ the remaining* mixture. 



levels; during all this time tliey must be stored away from 
man and his environment. 

TANK STORAGE has been used since high-level waste 
management first began years ago at the plutonium- 
production facilities at the Hanford Plant. Since then 
engineers and scientists of installations at Savannah River, 
South Carolina, and at the National Reactor Test Site, 
Idaho, also have used tanks. Almost all such wastes are 
stored in some 200 underground tanks at the three sites (see 
Figure 13). The newest type of tank at Savannah River has 
a steel liner encased in concrete and concrete support- 
ing pillars between tank compartments. The whole tank 





Figure 13 Large concrelc-encased sled lanki, under constyuction 
at ihe Savannah River Plant iiill store high-level wastes. Note 
Jorms JOY prestressing concrete on unfinished tank at leftjinished 
tanks at right ^ and size of man in center foreground. There are 
nou SO million gallons of high-activity liquid itastes stored in AEC 
'facilities. 
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array sits on a heavy steel ''saucer" that extends upward 
5 feet at the edges: the saucer, in turn, rests on a concrete 
slab. Access openings are provided for insertion of instru- 
ments, inspection, sampling, and withdrawal of gases. 

Tank storage of liquid wastes has proved to be both safe 
and practical. To extend this for hundreds of years will 
require periodic replacement of tanks, however, and no 
valid basis yet exists for accurately predicting tank service 
life. Experience indicates a reasonable tank-life expecta- 
tion of several decades, however. Extensive research and 
development is being carried out to convert highly radioac- 
tive liquid wastes to a solid form. 

The cost of constructing waste storage tanks has varied 
from $0.50 to $2.70 per gallon of capacity. The cost de- 
pends on size, the acidity of the expected waste, and the 
need for heat-removal equipment. Most tanks hold from 
300,000 to 1,330,000 gallons. The largest ones are for 
alkaline, low-heating wastes at Savannah River, and they 
have the lowest unit cost. 

The total cost of storage, of course, includes construc- 
tion of future replacement tanks and annual operating 
costs; annual expenses range from about Va^c to of the 
original capital cost. It is estimated that the total will be 
about SlOO per gallon for storage over the 600 or more 
years of storage expected to be needed, assuming a 20- 
year tank life. 

Some installations reduce storage requirements by con- 
centrating wastes, and improved fuel processing has re- 
duced waste volumes from several thousand to several 
hundred liters per ton of spent fuel. 

In spite of these improvements, continuous surveillance 
of stored liquid wastes is mandatory, as is the need for 
transfer of the wastes from tank to tank over periods of 
hundreds of years. These are compelling reasons to search 
for ways to reduce wastes to solid form. 

IN-TANK SOLIDIFICATION plans at the Hanford Plant call 
for solidification of "nonheating" wastes* by evaporation 



'''Nonhealing" wastes produce less than 0.2 I3rilish thermal 
units pel hour pei gallon. (One Btu is the aniount uf heat eneigy 
needed to laise the temperature of I pint of water by I degree 
Fahrenheit.) 
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of the liquid. "Self-heating" wastes, on the other hand, 
will be separated into two fractions. The first fraction 
containing the long-lived heat-producing radioisotopes will 
be absorbed on ion-exchange beds and stored in stainless- 
steel cylinders; tlie remainder will become **low-heating" 
waste after several years and can be solidified in place in 
the underground tanks. Figure 14 shows the planned in- 



WASTE INTAKE AIR INTAKE 




(a) EVAPORATING PERIOD 



GROUND LEVEL 




(b) COOUNG PERIOD 



Figure 14 Proposed in-Umk solidijication oj high-level iKusies ai 
ike Uanjord Plant. More iKustv can be added as tank level drops 
during eiaporalion, (a) Evaporation process; (b) cooling. 



tank solidification process. Heated air (SOO^'C) both heats 
and circulates the waste, and most of the water is boiled 
Off. Upon cooling, the remaining wastes form a massive 
salt cake that no conceivable material failure or natural 
phenomenon could expose to living plants or animals. Otlier 
methods of solidifying high-level wastes also are under 
intensive investigation. 
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LONG-LIVED FISSION PRODUCTS have been in increasing 
demand since 1960 for many different uses. At first glance 
it would seem that separation and use of these radioiso- 
topes might offer a means of waste disposal or result in 
reduced waste-disposal costs. Although some saving can 
be realized by combining waste management and fission- 
product recovery, the ultimate disposal problem will not 
be appreciably affected, because final disposal is only by 
the natural decay of radioactive materials. The separation 
of isotopes must be self-supporting in terms of the value 
of the separated isotopes. 

RESEARCH AND DEVELOPMENT 

The nuclear industry is producing increasing amounts of 
all types of radioactive wastes. Furthermore, it is likely 
there will be need to locate new plants in less ideal spots 
than present sites. Environmental restrictions for long- 
term management of wastes could be quite rigid in some 
areas. It cannot be expected that methods adequate for an 
infant industry will be sufficient to cope witli the problems 
of its robust future. 

Long-term management of radioactive wastes requires 
the solution of two principal problems. The first is de- 
velopment of improved methods for processing and dis- 
posing of high-level wastes in solid form. The second is 
improved treatment of large volumes of low-level and 
intermediate-level wastes to reduce the amount of radio- 
activity released to the environment. 

A number of research activities have begun on these two 
problems, plus search for more complete understanding of 
the long-term effects of released radioactivity on man. 
Although there is still much to be learned, it is worth 
noting that the hazards and behavior of radioactive ma- 
terials probably are already better understood than are the 
hazards of conventional industry and that the safety record 
of the nuclear industry is without parallel. 

We already know that proper management of radioactive 
wastes can be accomplished without hamperingthe economic 
growth of the nuclear industry — in spite of the millions of 
curies of radioactivity involved, in spite of the hundreds of 
years of controlled storage required for high-level wastes, 
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and in spite of the many different reactor types foreseen 
for future uses. 

High-level Waste Processing 

The disadvantages of tank storage for hundreds of years 
have resulted in vigorous search for more practicable 
methods for the ultimate disposal of high-level wastes. 
Two general approaches have been dominant. The first 
seeks to convert aged wastes to solid form. The second 
seeks to store these solids deep in geologic formations to 
reduce future handling and the possibility of leaks to man's 
environment. 

CONVERSION.TO.SOLID.FORM METHODS include use of flu- 
idized beds, heated pots, and radiant-heated spray columns 
to form solid granules. The addition of glass-forming 
materials to produce stable, glassy, insoluble products is 
also under study. 

Fluidizcd'hed Calcining. Studies began at Argonne Na- 
tional Laboratory, Argonne, Illinois, in 1955 in the use of 
fluidized beds for the reduction of liquid wastes to solid 
form. These studies led to the construction of the Waste 
Calcining Facility (VVCF) at the Idaho Chemical Processing 
Plant near Idaho Falls, Idaho. This plant processes highly 
enriched fuels and produces acid wastes requiring storage 
tanks constructed of stainless steel; thus the storage ex- 
pense is somewhat higher than that for other facilities. 

The VVCF was the first full-scale unit in the world for 
reducUon of high-level liquids to solids (see Figure 15). 
Waste solutions are injected into a 4-foot-diameter vessel 
called^ a calciner that contains a heated bed of granular 
solids, fluidized with air. A fluidized bed is obtained when 
gas moves up through a bed of solid particles wiUi enough 
force to raise them and move them about. The heat boils 
off the liquid and breaks down salts to oxides that deposit 
in layers on the bed particles. Gaseous products are drawn 
from the calciner. As solids accumulate, they are drawn 
off — about half are removed from the lower part of the 
calciner and half are carried off with the gases, from 
which they are removed in a series of cyclone separators. 
In this system air is used to transport the solids. 



The WCF has, during the past 4V2 years, processed ap- 
proximately 1,500,000 gallons of high-level liquid waste to 
a solid form. It can process 1400 gallons of liquid waste 
per day. 

The bulk volume of Uie solid particles is about one-tenth 
that of the liquid wastes from which they are made. The 
AEC plans to store Uie solid product underground in vented 
stainless-steel bins within concrete vaults. Heat from the 
radioactivity of the product will be removed by air flowing 
past the outer walls. The solid oxide particles from this 
process could also be glazed, coated, incorporated into a 
metal or salt matrix, or converted to glasslike material by 
addition of appropriate chemicals at high temperature. 
These methods are being tiioroughly investigated. 

Waste SoUdifi cation Engineering Pyototy/)e. There are 3 
promising solidification processes to be demonstrated m 
the Waste Solidification -Engineering Prototype (WSEP) 
installation at tlie Pacific Northwest Laboratory at the 
Hanford Plant, beginning early in 1966. The processes are 
the Oak Ridge NaUonal Laboratory pot-calcination process, 
the Hanford spray-calcination process, and the Brookhaven 
National Laboratory phosphate glass-fixation process. 

1. Pot Calcination — This process involves evaporation 
of wastes to dryness followed by calcination of the residues 
at temperatures of 700 to 900*^C. Calcination is the process 
of making dry, granular solids by heating. The tempera- 
ture used is not high enough to melt the material. The last 
step is done in a pot, which then becomes the final storage 
container. When filled with calcined solids, the pot is 
sealed and shipped to permanent storage. This process 
offers versatility in processing several types of waste, 
produces a minimum amount of gases, and eliminates Uie 
need for packaging Uie product. 

2. Spray Calcination — Over the past four years, per- 
sonnel of Uie Pacific NorUiwest Laboratory have been 
invesUgaUng Uie merits of converting liquid wastes to sol- 
ids by spray calcination in a heated tower. Liquid wastes 
are forced Uirough a nozzle into Uie top of a tower, Uie 
sides of which are heated to about 800 ^C. As the droplets 
fall, they are first subjected to evaporation, then drying, 
and finally calcination. The resulting powder falls into a 
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heated pot. There the calcination is completed and forms 
a powdery or molten residue, depending on tiie waste ma- 
terial. Ill an experimental program numerous successful 
tests with high-level waste have been completed. This 
system handles many kinds of wastes, reduces vaporization 
and loss of certain fission products, and eliminates foaming 
and heat-transfer problems. 

3. Phosphate- glass Fixation— For the past several 
years, Brookhaven National Laboratory personnel have 
been working on a continuous process for incorporating 
waste fission products into phosphate glass. This process 
offers tlie possibility of a continuous process in an all- 
liquid system and would allow easy heat control, removal 
of decomposition gases, mixing of ingredients, and general 
handling. The main parts of the plant are a feed-mixing 
tank, an evaporator, a iiigh-temperature furnace with a 
platinuni-hned crucible, and a gas processing system. 
The glass melt from the crucible is discharged into burial 
containers. 

Tin-ee bolidif ication processes have been undergoing pilot- ' 
plant demonstration at full radioactivity level at Pacific 
Northwest Laboratory since November 1966. The demon- 
stration program is scheduled to be completed in 1970 with 
a series of engineering reports being made available to 
industry as separate phases of the program are completed. 

HIGH-LEVEL WASTE STORAGE in natural geologic forma- 
tions is being investigated. The production of stable solids 
that are insoluble and noncorrosive reduces the volume of 
waste to be stored and increases the safety of the storage 
activities. But what is the best way to store these solidified 
wastes? Remember that hundreds of years will be required 
for the natural decay of these wastes to harmless levels. 
Simple burial or disposal in the sea is not a suitable 
ans^ver. Fortunately there are a number of natural geologic 
formations that might be suitable for permanent storage — 
they are well removed from man and free of groundwater 
that might otlierwise leach and carry off some of the radio- 
active material to areas of possible human access. 

1. Salt Deposits — At present salt appears to be the best 
disposal medium. Salt formations are usually dry, are 
impervious to water, and are not associated with usable 



groundwater sources. The ability of salt to change shape 
uude; pressure causes rapid closure of fractures. Salt is 
sufficiently strong that large cavities formed by mining 
will not collapse* Salt deposits underlie some 400,000 
square miles of the United States. And the estimated 
volume of high-level waste solids to be produced in the 
year 2000 would occupy less than 1^ of the volume of salt 
now being mined each year. 

An Oak Ridge National Laboratory program includes 
studies of possible effects of radiation on salt —on its 
physical properties, tlie possible production of chlorine, 
and the effects on movement under pressure and plastic 
flow when heated. Tliis information is necessary before 
actual disposal facilities are designed. 

A 19-month demonstration disposal of high-level radio- 
active waste solids was carried out in a salt mine at Lyons, 
Kansas. Spent reactor fuel was used in lieu of actual 
solidified wastes. During the field demonstration, the fea- 
sibility and safety of handling highly radioactive materials 
in an underground environment were demonstrated; the 
stability of salt under the effects of heat and radiation was 
shown; and data were obtained on the creep and plastic 
flow characteristics of salt for use in the design of an 
industrial salt disposal facility. Further engineering studies 
are now being carried out to determine the location and 
possible establishment of such a facility. 

2. Bedrock Storage — In some cases it may not be 
necessary to reduce high-level wastes to solid form. At 
the AEC's Savannah River Plant, a study is under way for 
disposal of aged wastes in underground tunnels cut into 
bedrock. Underlying the plant at approximately 1000 feet 
is dense, crystallized bedrock. Exploratory drilling has 
provided information on the hydrology and geology of tliis 
formation and has verified the compatibility of the rock 
with the wastes to be stored. A layer of clay overlays the 
bedrock and separates it from the top layer of loose 
water-bearing sediment. 

Three principal mechanisms delay the migration of 
wastes from the bedrock tunnels: the low rate of natural 
water movement, the impermeability and ion-exchange 
properties of the clay, and the ion-exchange properties of 
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Figure 16 The Carey Salt 
Company Mine in Lyons , 
Kansas, is the scene of a 
radioactive waste disposal 
experim en t condu ct ed by 
the Oak Itidge National 
Laboratory. 



Photo A. A 30-ton lead 
cask is maneuvered into 
position over the JOOO-foot 
waste charging shaft. This 
pro V ides shielding fo r pe r- 
sonnel. 
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Photo li. Lunni$tc}\s voulainiui* radioddite niutcruil :::c loncrcd 
ihuH the shajt to a sfn tmUy (k^si^tini trailer < oal)lc(l to a vonvan- 
(tonal tuo-nhci'l travtor, uhich c«mc.s tht^tu to the experimental 
area .>//(>/< ///// photo L. Thi^ niadiim r^ am* assembled im^ide the 
mint\ 




Photo C Holes, Ji' jcet deep and lined uith :^t<ilaU\ss steeL in the 
salt mine Jloor are ased to contain radioactive Juel assemblies. 
The room is 3o jeet wide, Oojeet long, and 1-1 Jcet high. 
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the top layers of earth. Each of these barriers is con- 
sidered to be an adequate shield in itself. Since they would 
be encountered in succession, there is an ample factor of 
safety. Studies are now under way on how to remove and 
transfer wastes from the present storage tanks. 

Low-level Waste Processing 

When the nuclear industry was small, low-level wastes 
could be discharged to the environment without raising 
background ridiation significantly. This will be less pos- 
sible in the future because of the growth of tlie industry. 
It IS important to develop more efficient methods for treat- 
ing these large- volume wastes. 

Although normal chemical processing of low- level wastes 
can remote approximately 9(//c of the contained radio- 
activity in a single treatment, multistage treatment is 
complex and costly. For this reason work is under way to 
develop more efficient and economical methods. 

A specific goal is to decontaminate low-level wastes to 
an extent that would even permit direct consumption of the 
liquids by humans. Two treatment methods are being de- 
veloped. Both involve scavenging-precipitation, but one is 
followed by an ion-exchange process and the other by a 
foam-separation process. 

THC SCAVENGING- PRECIPITATION ION-EXCHANGE PROCESS 
has demonstrated that it can produce wastes of signifi- 
cantly lower rebidual activity than the lime-soda treatment 
now used. The low-level feed is adjusted to an alkaline 
condition in a mixing vessel, and a coagulant is added. The 
solution then flows to a slightly agitated tank (called a 
flucculator) in which insoluble materials agglomerate into 
large particles containing most of the fission products. 
The mixture then flows to another vessel (called a clari- 
fier) and passes up through a layer of sludge that is con- 
tinuously removed and packed for disposal. The clarified 
water then passes through a filter and is pumped through 
ion-exchange colunnis for removal of the remaining fission 
products, principally cesium-137 and strontium-90. Over 
a five-month period, the process treated 600,000 gallons jf 
low-level waste, removing 99.99^. of the strontium .nd 
99. Tc of the cesium. 
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THE FOAM SEPARATION PROCESS for final decontamina- 
tion of the filtered solutions from tiie scavenging-precipi- 
tation process just described is also under study. In this 
nietliod foam is produced by adding detergent to the waste 
solution and bubbling air throug!i it. Tiie foam rises to the 
top of a column. Most of tiie radioisotopes cling to the 
surface of t!ie bubbles and rise with tiie foam. The foam is 
drawn off tiie top and collapsed; it yields a small amount of 
liquid. The bulk of tiie waste solution, iiavingbeen cleaned 
by the foam passing tlirougii it, is drawn from near the 
bottom of tiie column. So far, iiowever, this appears to be 
less simple and less efficient tiian tiie use of ion-exchange 
resins. 



Intermediate-level Waste Processing 

A number of treating processes can be used for botli 
low-level and intermediate-level liquid wastes. One of tlie 
inost interesting studies, iiowever, is one dealing witii 
direct disposal of intermediate-level waste into siiale or 
otiier suitable geologic 
formations. The technique / , ' 

is called hydraulic frac- 
turing and iias been bor- 
rowed from tiie oil indus- * 
try. It has been under 
study for the past three 
years (see Figure 17). 

Tiie method requires tiie 
drilling of a well, followed 
by lateral cuts tiiroughtiie 
well casing into tiie rock 
formation, wiiicii are ac- 
coniplisiied by jets of 
a sand -water mixture 



Figure 17 FaciUiiea joy dis- 
l)o^(d oj vUeruiedudC'level 
liquid uaates by injection 
into slude jormationb tano 
Jcei hc'lon groiaid level. 
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or by shaped charges of explosive. A mixture of water, 
waste, and cement is pumped into the formation at high 
pressure; Uiis cracks the rock and allows the mixture to 
move out in horizontal sheets that solidify in place. 

Oak Ridge National Laboratory workers made test in- 
jections of material containing radioactive tracers in 1960. 
Later, core drilling provided information on the extent and 
thickness of the solidified material. Results were favor- 
able, and early in 1964 a hydrofracturing plant was com- 
pleted for injection of actual wastes. Approximately 
250,000 gallons of intermediate level waste concentrate is 
now being disposed of routinely each year using this tech- 
nique. 

Environmental Studies 

An important part of waste-management research is the 
study of environments surrounding atomic energy installa- 
tions. Objectives are to determine tlie fate of radioactive 
materials released to^waterways, to determine the mecha- 
nisms of their dispersion, to evaluate the hazards as- 
sociated witli disposal practices, to evaluate the usefulness 
of waterways for disposal, and to recommend appropriate 
long-term environmental-monitoring procedures. 

The principal studies in the United States have been 
made of the Clinch-Tennessee River system below Oak 
Ridge, Tennessee; the Columbia River below Richland, 
Washington; and tiie Savannah River below Aiken, South 
Carolina. Similar studies have been made of the Ottawa 
River in Canada, the Thames River in England, and tlie 
Rhone River in France. For example, the comprehensive 
investigation on the Clinch and Tennessee Rivers is a 
multiagency effort to evaluate physical, chemical, and 
biological effects caused by the disposal of low-level 
radioactivity (see Figure 18). Water-sampling stations 
have been established at seven sites, located as far as 
125 miles below Oak Ridge. 

Studies have included dispersion tests with dyes and 
radioactive tracers, determination of the distribution of 
radioactivity in bottom sediments, methods of incorpora- 
tion of . adioactivity into tlie bottom sediments, and detailed 
analyses of tlie biological distribution of released radio- 
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Figure 18 Taking coi, i.(mii>lci. of 
hoiloni .^cduHvnl.s m Clinch 
Hivcr in Tenne.^tiec, 



isotopes and Uie resulting dosages to human and animal 
life in the area. 

Studies such as these are essential to our understanding 
of the effects of released radioactive wastes. This under- 
standing must be thorough because no significant mecha- 
nism for the dispersal of radioactive materials and pos- 
sible subsequent exposure otthe public can be overlooked. 
Mankind needs the tremendous energy represented by nu- 
clear fuels, but their use will create vast quantities of 
radioactive wastes. Disposal of these must never be al- 
lowed to harm man, his environment, or his natural 
resources. Radioactive waste management is dedicated to 
this objective. 




Figure 19 Eqnipnicnl 
(lisf)osal lufifid at the 
Ihinjord Plant in Rich- 
land, W'ashhigton, Ra- 
dloactive chemical /))'o^ 
cessi/ig equil)))ient, loo 
lar^e to be buried con- 
venlenlly, is loaded onto 
Jiatcars and fmshcd into 
the IToo^jool tunnel, 
Tlio tunnel nil I then be 
covered with earth. 



APPENDIX I 

Naturally Occurring Radioisotopes Encountered 
in Mining, Milling, and Fuel Preparation 
in Uranium Fuel Cycle 



Kadioisotopc 



Atomic 
ninnbcr 



l^crocnl 
iouiul in 
nam ml 
u raniuni 



Half-life 



Uranium- 238 

Thorium-2:M 

Proiaciinium-2:M 

Uranium- 2:M 

Thorium- 2;i0 

Kadi urn- 2 20 

Ua(lon-222 

!^)lonium-2!S 
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BisnUUh-2M 

Polonium- 2 M 

!.cacl-210 

Bismulh-210 

Polonium -2 10 

Lead- 200 



Uranium- 2:^5 

Thorium-2;U 

Proiaciinium-2:U 

Actinium-227 

Tho rium-227 

Kadium-22:{ 

Kadon-210 

Polonium-215 

l.cad-211 
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Thallium-207 

!.oad-207 



Uyauiuni'^'^lS Decay Chain 
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,0-20 
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10-»5 



7.1 X 10^ yr 
25.0 hr 
:J.-1 > 10^ yr 
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1 1.2 days 
:K0 sec 
-10-3 y^^e 
'M>A min 
2.1 min 
4.8 min 
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00.28 


4.5 X 109 yr 


a, V 


00 


! X 10-9 


2-1.1 days 




01 


5 X !0-»^ 


l.M min 




02 


0 > 10-3 


2.5 X 105 yr 


a, y 


00 


2 > 10-3 


8 X 10^ yr 


a, Y 


88 


4 X 10-5 


1022 yr 


a, y 


80 


2 X 10-*^ 


3.8 days 


a 


8-1 


1 X 10-^3 


3.1 min 


a 


82 


1 X !0-'2 


2(>.8 min 




8:j 


8 > 10-*3 


10.7 min 


i^y 


8'1 


1 X 10-*5 


- 10-* see 
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82 


5 X 10-^ 
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3 X 10-*^ 
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8-1 


8 X 10-^ 


138 days 


(Y, y 


82 




Stable 





a, y 
(Yf y 

y 

y 

a, y 

<i,y 
/^,y 

cv, y 

,^y 



*a: alpha ,)ai ticks a heluuu nucleus. >: j^anima ray, similar lo 
X rays, /i: beta particle, an eleeiron. 
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APPENDIX II 
Principal Fission-product Radioisotopes 
in Radioactive Wastes 



Aiomic Kacliation 



I^ndioisoiope 


numbei' 


nair-nre 
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Krypion-Sr) 


30 


4.4 hr (lT)t 


V. 

I* i ft 


ii~ — 0,y 






— 9.4 yr 






Sironiium-S9 
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a 

H 
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A 




Zirconiu;n-9r) 


40 
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90 hr (IT) 


e~ — 
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43 
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<-'", y 


~fi 
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2.3 days (IT) 
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Praseodymium- 144 


59 


17 min 


0 




Promeihium-147 


61 


2.26 yr 


a 





bet:i panicle, an electron. 'y: gamma ray, similar to 
X rays. e~: internal electron conversion. 
JIT: isomeric transition, internal. 



APPENDIX III 

Principal Activation-product Radioisotopes Produced 
by Neutron Irradiation of Nonfuel Materials 
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Hair-lile 


oniillod> 






An' and Waicr 








\ 




li.o yi 


py y 


Cnrbon- I'l 


0 




o 1 1' u yi 


p 


Nilroijon- 1 (J 






7 '\ «;f>r 

1 .*> oC^' 


Pi i 


N'iiroj^on- 17 


7 


^"0 (n,p) 


•LI sec 










30 sec 




Ar»;oii-'l 1 


18 


^^•\ (!l v) 


l.S hr 


Pt 1 






Sodium 






Sodium- 24 


11 




15 hr 


ti, y 


So(lium-22 


U 


23N:i (n,2n) 


2,() yr 


ii\ y 




;n 


85Ub (n,y) 


19.5 hr 


ii,y- 






(impurity in 
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Iron -59 

Copper-G'l 
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Tungsten- 1S7 
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Cob:ilt-()0 



24 
25 
2G 
2() 
29 

7;j 

74 

97 



Phosphorus-a2 15 



"Al (n,y) 

s^Cr (n,y) 

^^Ke (n,p) 

SM-e (n,y) 

s^Co (n,p) 

®Cu (n,y) 

^^Zn (n,y) 

*^*Ta (n,y) 
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58Ni (n,p) 

5^Co (n.y) (:i!so 
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irradiation) 
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2.. -J min 
27 days 
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/^,y 

K, y 

/3,y 
K 
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e-, y 
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•(n,">): absorbs neutron, emits gamma. (n,p): absorbs neutron, 
emits proton. 

' >: beta particle, an electron. >; gamma ray, similar to X rays. 
J^. positi\cly charged electron. K: oibiial electron capture mto 
nucleus, c": internal electron conversion. 

♦ IT: isomeric transition, internal. 
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APPENDIX IV 
List of Firms Licensed- to Receive and 
Dispose of Radioactive Wastes 



7. Firm^i LiceuM'd by l\ 6, Atomic liney^iy Conifni^^^non 
AM iod -Crossroads Nuclcai Corp, Now Kn^land T,mk Cleaning Co. 



2(H Viciory Koad 

Oorchesier. Massaclmsoiis 02122 



135 Kirsi Sireet 

Canibrulge, .MassachuseUs U2iJ6 
The Walker Truckiiij? Company 
V2S:i Kast Siroel 

New lintain, Connecticut 06050 



^. Fnm^ LuiUM^d by Al-X and Af^ycmirnt States' 



California S^ilva^e Company 
700-745 .Vorih Pacific Avenue 
San Pedro, California 90731 

Nuclear Knjiineerm^ Comi)any, Inc 
Box 591 

Walnut Creek, California 9:m02 

California Nuclear, Ine, 
2:t2:t South Ninth Sireet 
Lafayette, Indiana (!M -17900 

Nuclear Kngineerin^ Comjuny, Inc. 
Box IIG 
Burns Buildui^ 
•Morehead, Kentucky 40351 



Inc. 



L'lboratory for Klccironics. 
Tracerlab Division 
1601 Trapclo Koad 
Walihani. .Massachusetts 02154 

Laboratory for Klecironicjj, Inc. 
Tracerlab Division 
2030 Wright Avenue 
Hichmon, California 91804 

l/jng Island KuchMr Services Coi p. 
Station Koad 

Bell|>ort, New York 11713 

Kadioloj;ical Service Co , Inc. 
35 Urban Avenue 
W'estbury. New York 11590 



J. l.uenMil linttrcly by Af^recntcnt Stati\s^ 



Consolidated Anu'rican Services, 
Inc 

12G0(J South DaphiU' Avenue 
Hawihorne California 90250 

Nuclear Kuel Servici-s, Inc 
Box 12} 

West Valley. New York 14171 



U, 8 Nuclear Corporation 
801 North Lake Street 
Burbank, California 91502 

William Wayne Klectionics 
Hastings Hadiochenncal Works 
Box 60448 

Houston, Texas 77060 



•Stat( S wiUch havr sufficient inteiest and which develop ad« ^ con- 
tiols and u*^ilations may. by agi cement with the AFX' Divu- of Li- 
u nsinji and Ut:^'4d.4ti«>n, assume <untiol of \^aste-handllng auiviut., vMthin 
their boundanes. lactnsin^ by tht AKC i,s icqiaied for interstate aetivi- 
lie.s. 

tThis list m.iv not be complete. Curi ent infoimation can be obtained 
fioin Ihr IXpaitment of Health of the pai ticulai state involved The fol- 
lowing St.ites have enteied intoagieenients foi control by state le^ulation. 
Arkansas, California. Floiida, Kansas, Kentucky, Mississippi, Nev^ York, 
North Carolina. Texas, (iregon, and Tennessee. 
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